illustrates how the law of conservation of spin gives control over reactivity of free radicals, R•. For example, a pair of free radicals, each with electron spin S=1/2, may form a chemical bond and the resultant diamagnetic molecule, the total electron spin of which S=0 (Fig. 1a) . However, from the law of conservation of spin, it follows that the chemical bond between these two radicals may happen only if the spin state of the pair at collision is singlet, i.e., spins of two electrons are subtracted to give the net S=0 (spin multiplicity, 2S+1=1). If the spin state of the radical pair is triplet, i.e., if the electron spins are added up to give the net S=1 (spin multiplicity, 2S+1=3), then the radicals cannot react immediately. In gas or liquid phase, with the time allotted for any collisions of radicals of order of 1 ns or less, neither spin-spin relaxation (in order of 10 ns) nor spin-lattice relaxation (in order of 100 ns) has time to fit the spin orientation. As a result, only one-quarter of encounters, with the radical pair in the singlet state, gives the recombination product while three-quarters of the initial radical pairs are inhibited from the reaction. Another example is presented on Fig.  1b . Namely, it is the reaction of free radical R• with oxygen, molecules of which are normally in the triplet spin state. The total spin, S, of this reagent pair can be 1/2 when the individual spins are subtracted (2S+1=1) or 3/2 when the individual spins are added up (2S+1=4). Meanwhile, for the product of the reaction RO 2
• , peroxyl radical, S=1/2. Hence, from six possible spin states of the reactants only two states do not require a change in the total electron spin of the reactants and, therefore, are permitted for formation of RO 2
• ; other four states are forbidden for the reaction. A well-known reaction of mitochondrial ubisemiquinone with oxygen, in which O 2
•-is produced, exhibits a similar case (see, e.g., (Chance, 1979; Nohl et al., 1993) . This reaction is permitted only from the doublet state of the reactants. Four quartet "channels" are forbidden by the law of the spin conservation (Fig. 1c) .
To lift the ban on reactions forced by the law of spin conservation, spins of the reactants must be changed. Inasmuch as spin-orbital coupling is negligibly small in organic free radicals, magnetic fields are the only means which are able to change the spin states and, thereby, switch the reaction over spin-forbidden and spin-allowed channels. The probability of chemical reaction is a function of the parameters of magnetic interactions (Brocklenhurst, 2002; Buchachenko, 2009) 
:
P=f(H; ; H 1 ; J; a; I; m I ;  n )
In this equation H is external magnetic field (Zeeman interaction),  and H 1 are frequency and amplitude of microwave magnetic fields. Correspondingly, acceleration of the freeradical reaction can be achieved through changes in the total electron spin of reactants by interaction with an applied external magnetic field. The parameter J is energy of the exchange interaction. Correspondingly, the reactions of organic free radicals or ion-radicals can be catalyzed via interaction of partners of the radical pair with a foreign, third spin carrier, like nitroxide radical. It is called "electron spin catalysis".
The above mentioned equation also contains parameters of hyperfine coupling a, nuclear spin I, nuclear spin projection m I , and nuclear magnetic moment  n , i.e., the parameters of interactions of electron spins with magnetic nuclei which are known as the cause of the hyperfine splitting in EPR spectra of free radicals. Correspondingly, acceleration of the freeradical reactions can be achieved through changes in the total electron spin of reactants by interaction with magnetic fields of magnetic nuclei. This is known as "magnetic-isotope effect" (MIE): the reaction shows different reaction rates and different yields of products according to whether the reagents contain magnetic or nonmagnetic isotopes (Brocklenhurst, 2002; Buchachenko, 2009 ). While classical isotope mass effect selects isotopic nuclei in accordance with their masses, MIE selects isotopes by spin and magnetic moment. In action, MIE is a purely kinetic phenomenon and manifests itself as the dependence of the reaction rate on the nuclear spins of the reactants. Within recent years, MIE in chemistry has been discovered for a number of magnetic isotopes, among them H-D, 13 C, 17 O, 29 Si, 33 S, 73 Ge, 117, 119 Sn, 199, 201 Hg, and 235 U (Buchachenko, 2009) . By analogy with "electron spin catalysis", the enhancement of the reaction rate by the nuclear spins of the reactants can be denoted as the "nuclear spin catalysis" (Koltover, 2007 (Koltover, , 2008 .
In biochemistry, MIE has been recently discovered for magnetic isotope of magnesium, 25 Mg, by A.L. Buchachenko and his group. It is generally known that energetic demands of every operation in living systems are met by molecules of ATP, be it eukaryotic cells of animals and plants or prokaryotic cells of bacteria. In aerobic organisms, most of ATP is produced in the so-called "oxidative phosphorylation". There are specific enzymes, "biomolecular nanoreactors", organized in the respiratory electron transport chains (ETC). Normal function of the ETC enzymes, be it mitochondrial nanoreactors in eukaryotic cells of animals or similar nanoreactors of bacteria cells, is in the transport of electrons, one by one, from the electron donor molecules to the end enzyme, cytochrome oxidase, from which the electrons are transferred to molecules of oxygen with two electron reduction of oxygen into water. Free energy released during the electron transport is used by the specific enzyme, www.intechopen.com ATP-synthase, for synthesis of ATP from adenosine 5'-diphosphate (ADP) and inorganic phosphate (Nelson & Cox, 2008) .
In the experiments with mitochondria isolated from the rat hearts, it has been revealed that the rate of oxidative phosphorylation with magnetic 25 Mg was 2-3 times higher than that with nonmagnetic 24 Mg and 26 Mg while no difference was found between the nonmagnetic magnesium nuclei . It was also revealed that activity of phosphocreatine kinase and phosphoglycerate kinase, for which ions of Mg 2+ serve obligatory cofactors, was essentially higher with magnetic 25 Mg than with 24 Mg and 26 Mg. Again, no difference in efficiency between the nonmagnetic magnesium nuclei was found in these experiments. Thus, there have been the very first evidences of MIE in biochemical reactions in vitro. Furthermore, the same research group has discovered MIE of calcium. The activity of phosphocreatine kinase with Ca 2+ ions of magnetic nuclei 43 Ca was found to be twice higher than with Ca 2+ ions of nonmagnetic nuclei 40 Ca (Buchachenko et al., 2011) .
Factual evidence of MIE, on its own, indicates that there is a spin-selective "bottle-neck" of the process under investigation. The hypothetic mechanism of the acceleration of oxidative phosphorylation by the nuclear spin of 25 Mg suggested by this group is as follows (Fig. 2) . Namely, they suggested a reversible transfer of electron density in the active center of ATPsynthase from the terminal anion phosphate group of ADP to Mg 2+ -cation. It produces a virtual ion-radical pair, Mg + -adenosine phosphate radical in the singlet spin state. Fig. 2 . Reaction scheme for enzymatic phosphorylation (Buchachenko et al., 2008) .
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Due to the hyperfine interaction of the unpaired electron with the nuclear spin of 25 Mg, the state of this virtual pair is converted from the short-lived singlet (total electron spin of the pair, S=0) into the long-lived triplet (S=1) in which the yield of the reaction of the ATP synthesis correspondingly increases (Buchachenko et al., 2008) . A similar spin-selective ionradical pair of Ca + with the phosphate radical of adenosine has been suggested to explain MIE of 43 Ca (Buchachenko, 2011) .
It should be mentioned that the hypothesis about a possible key-role of such virtual ionradical pairs in oxidative phosphorylation and energy transformation processes has long been stated (Blumenfeld & Koltover, 1972) . Within the context of modern bioenergetics, which postulated a proton electrochemical gradient across the mitochondrial membrane as the energy-rich intermediate of oxidative phosphorylation in the "molecular motors" (see, e.g., Nelson & Cox, 2008) , another plausible explanation for the MIE can be proposed. It is reasonably to suggest that the proton electrochemical gradient poses conformational pressure in the catalytic center of ATP-synthase, generating electronic-conformational excitation in the АDP-Mg 2+ complex. This would essentially increase reactivity of the adenine base of ADP to phosphate (Koltover et al., 1971; Blumenfeld & Koltover, 1972) . The nuclear spin of 25 Mg (or 43 Ca) can provoke the transition of the exited АDP-Mg 2+ complex from the singlet state to the triplet state the lifespan of which is longer, thereby providing more time for the reaction of the ATP synthesis from ADP and P i . Thus, the detailed mechanism of the magnetic-isotope catalysis in bioenergetics remains to be cleared.
In situ: Magnetic-isotope catalysis in living cells
There is a great variety of chemical elements in biomolecular nanoreactors of living cells (see Table 1 ). Certain of them are only represented by magnetic isotopes, among themhydrogen, nitrogen, sodium, phosphorus, potassium, manganese and so on. However, there are chemical elements which have both kinds of stable isotopes, nonmagnetic and magnetic ones, among them -carbon, oxygen, magnesium, calcium, iron, zinc and others (Table 1) . Correspondingly, these are the elements which are required to search for magnetic-isotope effects in living cells.
In this regard, magnesium is of particular interest. There are three stable isotopes of magnesium, 24 Mg, 25 Mg and 26 Mg with natural abundance about 79, 10 and 11 %. Among them, only 25 Mg has the nuclear spin (I=5/2) that produces the magnetic field. Two other isotopes are spinless (I=0) and, hence, produce no magnetic fields (Grant & Harris, 1996) . As the most abundant intracellular divalent cation, Mg 2+ is essential to regulate numerous cellular functions and enzymes. Ions of Mg 2+ serve as obligatory cofactors in catalytic centers of many enzymes including ATP-synthase as the primary producer of ATP in mitochondria, chloroplasts, bacteria and archaea (Nelson & Cox, 2008) . Moreover, a novel role for Mg 2+ as an intracellular second messenger has been recently discovered (Li et al., 2011) . Besides, the difference in masses between the isotopes of magnesium is much less, in percentage term, than that for the isotopes of carbon, for example, thereby minimizing the classical mass-isotope effect.
Stable isotopes of magnesium, namely nutrient solutions highly enriched with 25 Mg or 26 Mg, have been used for many years as in vivo tracers to determine magnesium absorption in human subjects, animals and plants models (see., e.g., Coudray et al., 2006; Weatherall et al., 2006) . It is reasonable that the problem of possible beneficial effects of the magnetic isotope was not posed in the cited papers. There have been attempts to use the non-radioactive isotopes to make the oxidative biomolecules more stable against free-radical oxidation. It was found that deuterated polyunsaturated fatty acids protect yeast cells against the toxic effects of lipid autoxidation products (Hill et al., 2011) . Both natural isotopes of hydrogen, 1 H and 2 H (D), are magnetic ones, but they have the twofold difference in masses.
Consequently, the observed protection should be ascribed to the mass-isotope effect instead of the magnetic isotopy. In the in vitro study of cleavage of deuterated DNA by the hydroxyl radical, the value of the kinetic effect was found to be close to 2, just the mass-ratio of hydrogen and deuterium. Similar mass-isotopic effects are, presumably, anticipated for stable isotopes of nitrogen 15 N versus 14 N and for carbon 13 C that is 8% heavier than 12 C (Hill et al., 2011) .
Recently, the smart methods of labeling of nematodes Caenorhabditis elegans, which are commonly used in gerontology, with 13 C and 15 N have been developed by feeding the worms with heavy isotope-labeled Escherichia coli (Fredens et al., 2011; Larance et al., 2011 were prepared from the relevant oxides by using a standard acidic treatment with analytically pure sulphuric acid.
The pioneering studies have been done in Institute of Problems of Chemical Physics, RAS. Bacteria E. coli, strain BB, were cultivated in accordance with the standard design on the artificial liquid minimal M9-media, composed from 8 g of glucose, 2 g of NH 4 Cl, 12 g of Na 2 HPO 4 , 6 g of K 2 HPO 4 , 1 g of NaCl in 750 ml of distilled water and 250 ml of tap water as the source of microelements. The growth media were supplemented with the isotopes of magnesium so that the final concentration of 24 MgSO 4 or 25 MgSO 4 was 2.2 mM per liter of the media. Cells were grown aerobically at 37 °C with shaking, harvested at the late growth ("stationary" phase at OD 600 of about 0.5), and viability of the cells was tested as their ability to form colonies (colony-forming units, CFU) on the solid nutrient BCP agar using standard Petri's dishes.
The experimental data are presented in Fig. 3 . The striking effect of the magnetic isotope, 25 Mg, has been detected when tallying up the colony forming units. The standard nutrient agar contains all components necessary for normal growth of cells, including magnesium. Nevertheless, the amount of CFU formed by the bacteria, which were previously grown on magnetic 25 Mg, has turned out to be about 40 percent higher in comparison with the bacteria, which were previously grown on nonmagnetic 24 Mg (Fig. 3a) . Thus, the cells which have been previously enriched with the magnetic isotope of magnesium demonstrate the essentially higher viability in comparison to the cells enriched with the nonmagnetic isotope.
Another striking effect of the magnetic isotope of magnesium has been detected when measuring activity of superoxide dismutase (SOD), the main antioxidant enzyme of the cells. The cells enriched with 25 Mg demonstrate the reduced activity of SOD, about 40 percent, when compared to the cells enriched with 24 Mg (Fig. 3b) . It is generally known that E. coli growing aerobically contain MnSOD and FeSOD (Imlay & Fridovich, 1991; Nelson & Cox, 2008) . Inasmuch as the total SOD activity is normally adjusted to the intracellular level of О 2 •─ , the reduced level of SOD in the cells can be considered as evidence for lower production of О 2
•─ as the failure by-product of cell respiration. Thereafter, these experiments have been replicated in cooperation with the microbiologists of Orenburg State University using another strain of E. coli, K12TG1 (Koltover et al., 2012) . After cultivation for 24 h in the artificial liquid minimal M9-medium without magnesium (and without tap water), the cells were suspended in the fresh M9-medium supplemented with different isotopes of magnesium as 0. In addition, kinetics of the cell growth was hourly monitored in the cited experiments, using optical density measurements at 620 nm with 96-cavity micro-plate reader "Uniplan" (Picon, Russia). The kinetic curves of cell biomass growth were typical for the bacterial growth involving slow adaptation period ("lag-phase") followed by exponential growth ("logphase") when the cell mass quickly doubled and the stationary phase when the cell growth completed because of lack of the substrates (primarily, glucose). The striking observation for these experiments was that length of the lag-phase has turned out to be essentially shorter in the case when the cells were transferred on the media with magnetic isotope of 25 Mg in comparison with nonmagnetic 24 Mg and 26 Mg (Fig. 4b) . Again, the nonmagnetic isotopes, 24 Mg and 26 Mg, were not differentiated by their effects on the cell growth. It means that adaptation of cells transferred from the pre-incubation media is limited by some enzymatic processes, efficiency of which is increased by magnetic nuclei of 25 Mg.
As it was cited above, magnetic isotope of 25 Mg more effectively performs the Mg 2+ cofactor function for oxidative phosphorylation in the isolated mitochondria in comparison to 24 Mg or 26 Mg . Energetic demands of every operation in prokaryotic cells of bacteria, as well as in eukaryotic cells of animals, are met by molecules of ATP. Hence, ATP as the main source of energy in living cells is most likely to be the limiting substrate for adaptation metabolism in the lag-phase. However, for the exponential phase of the cell growth, we have not found any significant differences in the rates of cell growth between magnetic 25 Mg and nonmagnetic 24 Mg and 26 Mg. The time of doubling of the cell mass was approximately the same, regardless of the type of magnesium isotopes (Koltover et al., 2012) . This obviously suggests a different "bottle-neck" of metabolism in the exponential phase of growth with other, than ATP, limiting substrate and another limiting reaction independent upon the nuclear spin of magnesium.
Of special interest are searches for magnetic-isotope effects in the processes of recovery of cells from radiation injuries. The reason is that any factor, capable to influence on efficiency and reliability of cell nanoreactors, shows up itself most vividly under drastic conditions of post-radiation recovery (Koltover et al., 1980; Grodzinsky et al., 1987; Koltover, 1997) .
We undertook the investigation of effects of magnetic and nonmagnetic isotopes of magnesium on post-radiation recovery of S. cerevisiae (Grodzinsky et al., 2011) . The yeast cells (diploid strain MATα ade2Δ248 leu2-3,112 ura3-160,188 trp1 Δ:kanr) were cultivated on the standard nutrient liquid media M3 supplemented with 24 MgSO 4 or 25 MgSO 4 . After three days of the cultivation under aerobic conditions at 30 0 C, the cells were washed from the nutrient liquid and suspended in nutrient-free ("fasting") media, i.e., sterile phosphate buffer, pH 7.0. Then, the cells were irradiated by the short-wave ultraviolet light (λ ≈240 nm, the dose ≈190 J/m 2 ), whereupon they were left in the nutrient-free water at 30 0 C (with shaking) to study kinetics of the post-radiation recovery of the cells. For this kinetics study, the aliquots of the cells were periodically seeded on the standard nutrient (Petri dishes) and the cell survival was monitored by the standard CFU technique. The survival of cells transferred to agar immediately after irradiation was not more than a few percent (Fig. 5) . In this case the injured genetic structures in most of the cells could not be repaired before the onset of mitosis, and nonviable daughter cells were produced. Incubation in nutrient-free water, in which the cells do not divide, provides sufficient time for repair processes and leads to a corresponding increase in survival. From the kinetics curves represented on this figure we notice that the cells enriched with magnetic isotope of magnesium, 25 Mg, are recovered essentially more effectively than the cell enriched with the nonmagnetic 24 Mg.
It has been known that kinetics of recovery of yeast cells from radiation injuries may be represented by a function representing the reduction of the effective radiation dose, D eff , with time:
In this model of A. Novick and L. Szilard, D 0 is the radiation dose, t is time of post-radiation recovery in the nutrient-free water,  is the recovery rate constant, and к is the fraction of irreversible injuries (Grodzinsky et al., 1987; Koltover et al., 1980; Novick & Szilard, 1949) . Table 2 represents values of the kinetics parameters resulting from these experiments. While the fraction of irreparable injuries remained almost the same, the value of the rate constant  of the post-radiation recovery was twice higher for the cells enriched with 25 Mg than for the cells enriched with 24 Mg. This is decisive evidence that the magnetic isotope of magnesium essentially more effectively promotes the recovery of cells from radiation damages. Thus, we have, for the first time, documented the magnetic-isotope effect in radiation biology (Grodzinsky et al., 2011) .
k 24 Mg 0.032 ± 0.003 0.70 ± 0.14 25 Mg 0.058 ± 0.004* 0.61 ± 0.12 Table 2 . Effect of magnetic 25 Mg isotope on postradiation recovery of S. cerevisiae, diploid yeast cells, after short wave UV irradiation. *Difference between the means is significant at P = 0.02 (Grodzinsky et al., 2011) .
One might suggest that the observed effects in our experiments with bacteria and yeast cells were caused by different levels of impurities in the growth media complemented with different isotopes of magnesium. However, it could hardly be the case. First, according to the mass-spectrometry data, amounts of contaminant elements in the stock solutions of the isotopes did not exceed 20-30 ppm, be it sulphate of 24 Mg, 25 Mg, or 26 Mg. Second, amounts of the contaminants that were administered in the liquid growth media with glucose and other basic components have significantly exceeded amounts of the same contaminants administered with much less additions of the isotope stock solutions. Besides, the impurities that were administered into the growth media from the basic components, as well as the element contents of the solid nutrient agar media, were obviously the same in all experiments, independently of the magnesium isotopes. Hence, one can disregard impurities as a possible reason of higher efficiency of magnetic 25 Mg than that of nonmagnetic 24 Mg and 26 Mg. It is apparent that the cells in the above cited experiments perceive the difference between magnetic and non-magnetic isotopes of magnesium, i.e., they perceive the nuclear spin's magnetic field of 25 Mg.
Future prospect: Nuclear spin as factor of reliability in cell nanoreactors
Thus, our data have documented, for the first time, the magnetic-isotope effect of magnesium-25 in vivo. Factual evidence of MIE, on its own, indicates that there is a spinselective "bottle-neck" of the process under investigation. Ions of Mg 2+ perform not only the cofactor functions in synthesis and hydrolysis of ATP. In addition, they have the impact on the structure-functional properties of RNA, RNA-polymerase, ribonuclease, and so on. Besides, there are the specialized proteins which regulate homeostasis and transport of Mg 2+ in living cells (Romani, 2011) . Moreover, ions of Mg 2+ may work as the intracellular second messengers (Li et al., 2011) . Up to date, however, there have not been findings of MIE except for the enzyme synthesis of ATP in the above cited papers (Buchachenko, et al., , 2008 (Buchachenko, et al., , 2011 . The similar MIE of 25 Mg is assumed to be in our experiments. Indeed, adaptation of cells to novel growth conditions requires a large variety of stress proteins to be synthesized and ATP, as the main source of energy in microbial cells, is most likely to be the limiting substrate for the adaptation metabolic processes. Similarly, a large variety of biosynthesis is required for recovery of cells from radiation injuries. It is reasonable to suggest that the kinetics of post-radiation recovery is also limited by spin-selective synthesis of ATP as the "bottle-neck". The post-radiation recovery proceeds with higher rate when the cell nanoreactors run on the magnetic isotope of magnesium, because the nuclear spin of 25 Mg catalyzes the ATP synthesis, hereby supplying the cells with more amount of ATP.
The lower level of superoxide dismutase (SOD) activity in the E. coli cells enriched with 25 Mg, by about 40 per cent when compared to the cells that were grown on nonmagnetic 24 Mg (Bogatyrenko et al., 2009a,b) , can be also flow from the beneficial effect of the magnetic isotope on the ATP synthesis. The cell nanoreactors of oxidative phosphorylation have very ancient evolutionary origin and, hence, seem to be ones of the most reliable biomolecular machines. But yet their reliability ("robustness") characteristics are not perfect because these molecular machines experience conformational fluctuations (Grodzinsky et al., 1987; Koltover, 1997) . It is well known that normal elementary acts of electron transfer on the electron transport chains, be it mitochondria or prokaryotes, alternate with random malfunctions when an electron, rather than waits for transport to the next enzyme of the electron-transport chain, goes directly to an adjacent oxygen molecule. Such an electron leakage results in production of О 2
•─ . Chemical products of О 2 •─ , the so-called reactive oxygen species (ROS), are toxic and initiate free-radical damages in the biopolymer nanoreactors (see, e.g., Chance et al., 1979; Koltover, 2009 Koltover, , 2010a . SOD catalyzes the reaction of dismutation of О 2
•─ into hydrogen peroxide (H 2 O 2 ) and oxygen, thus protecting cell structures from О 2
•─ and its toxic chemical products. It makes its defense "job" in cooperation with two other specific enzymes, catalase and glutathione peroxidase, which catalyze decomposition of H 2 O 2 into nontoxic reagents, namely H 2 O and O 2 (see, e.g., Nelson & Cox, 2008 , and references therein). As a rule, the level of the SOD activity is adjusted to the intracellular level of О 2
•─ . If SOD activity decreases or increases, it normally reflects the relevant decrease or increase in the production of О 2
•─ as faulty by-products of the electron-transport nanoreactors of oxidative phosphorylation (Imlay & Fridovich, 1991; Koltover, 2010a Koltover, , 2010b Koltover, , 2011 ). Hence, the lower level of SOD activity testifies the lower production of О 2
•─ in the case when the cells are supplied with the magnetic isotope. As cited above, oxidative phosphorylation of ADP proceeds faster with 25 Mg by comparison with 24 Mg . Since 25 Mg is more effective cofactor of oxidative phosphorylation, it transpires that the ATP synthase operates faster with the magnetic magnesium nucleus by comparison with the nonmagnetic ones. Meanwhile, under normal coupled conditions, the electron transport is subjected to the "backpressure" of the respiration-generated transmembrane electrochemical H + -gradient. The partial dissipating of this gradient via the acceleration of ADP phosphorylation has been shown to result in the decreased production of О 2
•─ (see, e.g., Mailloux et al., 2011) . Hence, the higher rate of oxidative phosphorylation with magnetic 25 Mg, in comparison with nonmagnetic 24 Mg, through the reduction of the H + -gradient "backpressure" should decrease the false electron leakage onto oxygen, thereby reducing the yield of free radicals О 2
•─ as by-products of the electron transport.
From the point of view of chemical kinetics, with decrease in the rate of oxidative phosphorylation, there is the retardation of electron transport in the sites of the electrontransport chains which are coupled with phosphorylation of ADP. Inasmuch as the input of electron-transport nanoreactors becomes overflowed with electrons ("electron-transport jam"), the probability of electron leakage on oxygen increases. The more is acceleration of the ATP synthesis, the less is probability of the "jam". Hence, the yield of О 2 •─ as the byproducts of electron transport is bound to be much lower with 25 Mg-ADP by comparison with 24 Mg-ADP or 26 Mg-ADP. Thus, with magnetic 25 Mg, the biopolymer nanoreactors of oxidative phosphorylation operate not only more effective but more reliable too, in comparison with their operation on non-magnetic isotopes 24 Mg and 26 Mg. Downgrading production of О 2
•─ , the magnetic isotope of magnesium produces, actually, a beneficial preventive antioxidant effect. This antioxidant effect of the nuclear spin, that 25 Mg favors the less production of reactive oxygen species, should obviously increase longevity of the electron-transport nanoreactors. Therefore, it can reveal itself in nature as the kinetic nuclear-spin selection of the favorable isotope, namely, the kinetic isotope enrichment with magnetic 25 Mg in the processes of recycling and regeneration of the electron-transport nanoreactors. For example, one can expect for the enrichment with the favorable magnetic 25 Mg in recycling and regeneration of cell mitochondria with aging of the cells (Koltover, 2007 (Koltover, , 2010b .
Contrary, in the case of photosynthetic nanoreactors, one can predict undesirable prooxidant effect of the magnetic nucleus of 25 Mg. Indeed, it is known that the function of the vast majority of chlorophyll molecules (Chl), as the derivatives of the magnesiumprotoporphyrin complexes, is to absorb light energy and transfer it to the specific energy sinks, the so-called reaction centers of the photosynthetic nanoreactors (Nelson & Cox, 2008) . While performing this energy-transfer function, the light-exited Chl molecules are in the singlet state ( 1 Chl*, electron spin S=0). However, there is probability of the radiationless relaxation into the triplet state ( 3 Chl, S=1) followed by formation of singlet oxygen, 1 O 2 , the molecules of which are substantially more reactive by comparison with usual triplet O 2 molecules and, thereafter, produce oxidative damages. As nuclear spin of 25 Mg can catalyze the conversion of 1 Chl* into the triplet 3 Chl, one can expect for the higher yield of 1 O 2 and, thereafter, more photodynamic damages in the cells with the chlorophyll molecules containing 25 Mg instead of the spinless 24 Mg or 26 Mg. Correspondingly, it is beyond reason to hope for selection of the magnetic 25 Mg, in the case of algae or green plants. Besides, the functional disadvantage of 25 Mg should be followed by increased synthesis of carotenoids and other natural antioxidants. Indeed, measurements of magnesium isotopic composition of the chlorophylls extracted from cyanobacteria and similar analysis of the chlorophyll forms in the leaves of English Ivy (Hedera helix L.) have revealed the isotope distribution following usual classical mass-isotope effect with no evidence for depletion or enrichment of 25 Mg (Black et al., 2007) .
Apart from magnesium, there are many other elements which have both kind of stable isotopes, nonmagnetic and magnetic ones, amongst them -carbon, oxygen, calcium, iron and zinc (see Table 1 ). In passing, nuclear spin of 17 O should lift the spin ban over the reaction of the mitochondrial ubisemiquinone radicals with oxygen (see Fig. 1c ), thereby catalyzing formation of О 2 •─ . As a result, one can expect for more reactive oxygen radicals and more free-radical damages due to 17 O in comparison with nonmagnetic 16 O and 18 O. The pro-oxidant action of 17 O can reveal itself as the selective enrichment of free-radical peroxidation products with this unfavorable magnetic isotope as compared with ordinary metabolites.
Conclusions and outlook
Factual evidence of magnetic isotope effect, on its own, indicates that the "bottle-neck" of the process under investigation is a free-radical or ion-radical reaction. Within the scope of free radical research, MIE can serve as the unique indicator to elucidate if the reaction under study proceeds through a free-radical or ion-radical pair as the key operand of the reaction.
Up to date, however, there have been no efforts to detect magnetic-isotope effects for other elements, except magnesium, in biopolymer nanoreactors.
Our experimental data have documented, for the first time, the beneficial magnetic-isotope effects of 25 Mg in vivo. Although the detailed mechanisms of the ability of the living cell to perceive magnetic properties of the atomic nuclei require further investigations, the "nuclear spin catalysis", as such, always and unambiguously indicates that the reaction under study is a spin-selective process with participation of paramagnetic intermediates, such as free radical pair, ion-radical pair or triplet state that undergo the spin conversion. Along this line the general principles of spin chemistry, amongst them -control of biochemical reactivity in living cells by the selective modification with stable magnetic isotopes, hold considerable promise. In part, the preventive antioxidant effect of 25 Mg opens the ways toward the novel biomedicine of anti-stress anti-aging drugs enriched with the magnetic-isotopes. The discovery of the magnetic-isotope effect in radiation biology opens up the way to the development of novel radio-protectors, based on the magnetic isotopy. Furthermore, inasmuch as the electron and nuclear spin moments can be changed by external magnetic fields, it makes possible to exert control over efficiency and reliability of biomolecular nanoreactors with the help of relevant magnetic and electromagnetic fields. www.intechopen.com
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